Correspondence: Zhiyong Yu (drzhiyongyu@aliyun.com) or Dong Liang (ldong74@126.com) Cyperus rotundus L. is widely used in Traditional Chinese Medicine and studies have reported its anticancer effect, but its chemical composition and therapy mechanism remains unknown. This research aims to analyze the chemical components of the ethanol extract of Cyperus rotundus L. (EECR), detect its treatment effects on human Triple-negative breast cancer (TNBC) cells, and elucidate possible therapy mechanisms. The chemical components of EECR were detected by the Waters UPLC combined with Bruker Q-TOF mass spectrometer (UPLC-Q-TOF-MS). The phytochemical compounds were identified by comparing the mass fragmentations of each metabolite with databases such as METLIN, HMDB, and NCBI. A total of 21 compounds were identified in EECR. MDA-MB-231 and MDA-MB-468 cells were treated with various concentrations of EECR. Cell proliferation was examined using Cell Counting Kit-8 (CCK-8) and colony formation assays. Cell apoptosis and cell cycle were detected by flow cytometry. Apoptosis-and autophagy-related protein expression was detected by Western blot. EECR inhibits the proliferation of TNBC cells (MDA-MB-231 and MDA-MB-468) in a dose-dependent manner, which may be related to the arrest of cell cycle in G 0 /G 1 phase. It induces apoptosis by promoting the expression of BAX and inhibiting the expression of BCL-2. In addition, autophagy inhibitor 3-Methyladenine (3-MA) inhibited TNBC cells pro-survival autophagy and increased the sensitivity of EECR. The present results demonstrated that EECR has potential effects on inhibits the proliferation and induction apoptosis in TNBC.
Introduction
There will be approximately 2.1 million newly diagnosed female breast cancer cases in 2018, accounting for 24.2% of female cancer cases [1] . Among women, breast cancer is the most commonly diagnosed cancer and the leading cause of cancer deaths, accounting for 15% of female cancer deaths. Triple-negative breast cancer (TNBC) is defined as the negative immunohistochemical test results of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor-2 (Her-2) [2, 3] . Due to the specific molecular expression characteristics of TNBC, these patients are resistant to existing endocrine therapy and Her-2-targeted therapy [4] , therefore endocrine therapy and Her-2 targeted therapy are not suitable for TNBC patients [5] . So far, treatment options for TNBC are limited, seldom benefit from chemotherapy and easy resistance. TNBC has a poor prognosis with higher rates of recurrence and metastasis compared with other types of breast cancer. As the age of TNBC patients is trending younger [6] , the discovery of new and effective drugs is needed for the treatment of TNBC. Traditional Chinese Medicine mainly coming from plants has a history of more than 2000 years. We intend to screen an effective drug from Traditional Chinese Medicine for the treatment of TNBC, providing an alternative clinical option. The dry rhizomes of Cyperus rotundus L. named Xiangfu have been applied for more than 1700 years in China, mainly being applied for the treatment of gynecological diseases. Current pharmacological studies have shown that it has significant neuroprotective, antioxidant, anti-DNA damage, antibacterial, and anti-diabetic effects [7] [8] [9] [10] [11] [12] [13] . According to ancient literature, Xiangfu could be ground into powder, mixed with ginger juice and wine for external application to treat breast cancer. Park et al. [14] reported that ethanol extract from the dry rhizomes of C. rotundus (EECR) can induce apoptosis of MDA-MB-231 cells, but the potential molecular mechanism and chemical components of EECR still remain unknown.
Owing to Xiangfu's complex chemical composition, its bioactives may play a role at various types of sites such as cell cycle arrest, autophagy, and apoptosis in the cancer treatment [15] [16] [17] . Some research supported that the induction of cell cycle arrest might be a valid way of controlling cancer cell proliferation [18] [19] [20] .
Autophagy is an intracellular process that enables cells to recover components, like damaged proteins and organelles, by a controlled pathway [21] . Morphologically, the characteristic manifestation of autophagy is the early formation of isolation membrane, which forms autophagosome and this process is mediated by LC3. Lysosome combines with the newly formed autophagosome and the content enclosed is digested [22, 23] . Beclin-1 can induce autophagy, which is an important protein in the initiation of autophagosome formation [24, 25] , and LC3 is an essential protein in the final stage [26] . Autophagy played a key role in pro-survival and pro-apoptosis, while apoptosis ultimately leads to cell death [27] . Both Bax and Bcl-2 belong to the Bcl-2 family, the former has the role of pro-apoptotic, whereas the latter plays anti-apoptotic roles [28] [29] [30] . However, the association between apoptosis and autophagy is complex.
In the present study, we found that the EECR induces apoptosis and the autophagic activity changed in TNBC cells. We will expound the relationship between apoptosis and autophagy. Meanwhile, we analyze the chemical components of the EECR, lay the foundation for extracted effective constituents to treat TNBC.
Materials and methods

Pharmacological reagents
The dry rhizomes of C. rotundus were purchased from Anhui Xiehecheng Co., Ltd. (Bozhou, China) and 3-Methyladenine (3-MA) was purchased from Selleckchem (Houston, U.S.A.). 3-MA was dissolved in dimethyl sulfoxide (DMSO; Thermo Fisher Scientific, Massachusetts, U.S.A.). In all cases of cell treatment, the final DMSO concentration never exceeded 0.3% in the culture medium. Stock solutions of all drugs were stored at −80
• C.
Plant material and extract preparation
The dry rhizomes of C. rotundus were cut into small pieces, transferred to a round-bottomed flask at a ratio of 1:10 (drug:95% ethanol, w/v), and immersed in the dark for 12 h at room temperature. The EECR was prepared by refluxing and extracting in a water bath at 80
• C for 2 h, the supernatant was obtained by the process of vacuum suction filtration. Repeat the above test for another two times. The supernatants were mixed and the EECR was achieved by reduced pressure distillation at 40
• C. The EECRs were lyophilized and stored at −80 • C for the following experiment.
Mass spectrometry analysis of EECR
The EECR was dissolved with methanol at a concentration of 80 mg/ml and analyzed by the Waters UPLC (Acquity UPLC class, U.S.A.) combined with Bruker Ultra-High Resolution Quadrupole-Time-Of-Flight mass spectrometer The results were mean + − SD and three independent experiments were performed under the same conditions. P<0.05 was considered statistically significant compared with the control group. **P<0.05, ***P<0.001 compared with the control group.
equipped with ESI interface (Bruker Impact II™, Germany). The LC analyses were performed on a C18 column (XDB-C18 4.6 mm × 100 mm 1.8 μm) at the temperature of 35
• C. The mobile phase A consisted of water and 0.1% formic acid, while the mobile phase B included acetonitrile and 0.1% formic acid. A gradient elution was optimized and the proportion of phase B was confirmed as follows: 0-1 min, 5%; 1-60 min, 5-40%; 60-75 min, 40-57%; 75-87 min, 57-95%; 87-87.5 min, 5%; 87.5-95 min, 5%. The flow rate was 0.5 ml/min. The injection volume was 5 μl. Positive ion models were used in the detection. Capillary voltage was 4500 V; nebulizer pressure was 2.0 Bar; the flow rate of day gas was 8.0 l/min and the drying gas temperature was 200
• C. The range of mass scan was from m/z 50 to 1000.
Cell culture and treatment
TNBC cell lines (MDA-MB-468 and MDA-MB-231) were purchased from the Cell Bank of Shanghai Institute of Cell Biology (Chinese Academy of Sciences). Cells were cultured in Dulbecco's modified Eagle's medium (DMEM) (high glucose, KeyGen Biotech, Jiangsu, China) supplemented with 10% fetal bovine serum (Gibco, New York, U.S.A.) and 100 units/ml antibiotics (penicillin and streptomycin, KeyGen Biotech, Jiangsu, China) in a humidified atmosphere of 5% CO 2 at 37
Cell counting kit-8 assay
The Cell Counting Kit-8 assay (CCK-8) (MedChemExpress, New Jersey, U.S.A.) was used to determine cell viability following treatment with a corresponding concentration of EECR. MDA-MB-231 and MDA-MB-468 cells were seeded at a density of 1 × 10 4 cells/well in 96-well plates and treated with various concentrations of EECR for 24 h. CCK-8 was added to each well according to the instructions, followed by incubation at 37
• C in 5% CO 2 for 1 h. Then, the absorbance was examined using a microplate reader (SpectraMax i3; Molecular Devices, Sunnyville, U.S.A.) at 450 nm, and displayed the optical density (OD). Cell viability was assessed using CCK-8 assay according to the manufacturer's instructions.
Colony formation assay
MDA-MB-231 and MDA-MB-468 cells were plated into a six-well plate at a concentration of 800 cells/well and treated with a corresponding concentration of EECR for 24 h and then incubated at 37
• C for 14 days. Then the cells were fixed with the fixation solution (methanol:acetic acid = 1:3) and stained with Crystal Violet. The number of colonies (>50 cells) was counted.
Analysis of cell cycle and apoptosis by flow cytometry
Cells treated with EECR for 24 h were collected using EDTA-free trypsin, centrifuged (1000 rpm, 3 min) and washed twice with cold PBS for the detection of apoptosis and cycle. The cells for detecting apoptosis were subjected to the following procedures: the cells were re-suspended with 1× binding buffer at a density of 1 × 10 6 cells/ml. One hundred microliters of above-mentioned cell suspension was treated with 5 μl of Annexin V-FITC and 5 μl of Propidium Iodide (PI) and incubated at 4
• C for 30 min in the dark. The cells for the cycle detection were operated as follows: the cells were re-suspended with pre-cooled 70% ethanol, allowed to stand at 4
• C for 72 h, and washed twice with cold PBS. Three hundred microliters of PI solution was added to the treated cells and incubated at 4
• C for 30 min in the dark. Flow cytometric analysis was performed to analyze cell-cycle distribution.
Western blot
After treating the cells with different concentrations of EECR for 24 h, the original medium was discarded. The adherent cells were washed with cold PBS on the ice and lysed in cell lysis buffer (Beyotime, Beijing, China) containing 0.5 mM phenylmethanesulfonyl fluoride (PMSF, Beyotime, Beijing, China) for 20 min. The suspension was centrifuged at 12000 rpm for 20 min at 4
• C, and the pellet was removed. The BCA Protein Assay Kit was used to determine the protein concentration of the supernatant. Then the supernatant was mixed with protein loading buffer and boiled at 100
• C for 5 min. Twenty microgram proteins were fractioned by sodium dodecyl sulfate/polyacrylamide gel (SDS/PAGE) for acquiring proteins with specific molecular weight and then electro-transferred to a polyvinylidene difluoride (PVDF) membrane, blocked in 5% evaporated skim milk for 1 h and incubated with the following primary antibodies: β-Actin (4970T), BAX (2772T), Bcl-2 (4223T), Beclin-1 (3495T), LC3B (2775S) (all 1:1000; Cell Signaling Technology, Massachusetts, U.S.A.) overnight at 4
• C. Samples were washed three times for 6 min each and were incubated with a horseradish peroxidase-conjugated second anti-rabbit antibody for 1 h at room temperature. Finally, protein expression was detected using an enhanced chemiluminescence system (Bio-Rad, U.S.A.).
Statistical analysis
All data were analyzed by SPSS 17.0 software, ImageJ software 1.42, and GraphPad Prism 7.0. Student's t test and one-way ANOVA were used to analyze statistical significance. P<0.05 was considered to indicate statistical significance. Three independent experiments were performed under the same conditions.
Results
Phytochemical analysis of EECR
The EECR was analyzed by the UPLC combined with Bruker Q-TOF mass spectrometer (UPLC-Q-TOF-MS) to earn the metabolites profile of the EECR and the Base Peak Chromatography was shown in Figure 1 . The phytochemical compounds were identified by comparing the mass fragmentations of each metabolite with databases such as METLIN (https://metlin.scripps.edu), HMDB (http://www.hmdb.ca/), and NCBI (https://www.ncbi.nlm.nih.gov/). A total of 21 compounds were identified. The detailed information containing mass fragmentations is listed in Table  1 . -1, LC3B ) in experimental and control groups assayed using Western blot Proteins were detected using the corresponding antibodies and normalized to β-Actin. Beclin-1 was high expression compared with control group. The conversion of LC3B I into LC3B II was increased. The results were mean + − SD, three independent experiments were performed under the same conditions.
EECR suppressed proliferation of TNBC cells
To visualize the cytotoxicity of EECR to TNBC cells, MDA-MB-231 and MDA-MB-468 cells were treated with 0, 0.2, 0.4, 0.6, 0.8, 1.0, and 1.2 mg/ml EECR for 24 h. Exposed to EECR, cell viability was reduced in a concentration-dependent manner (Figure 2A,B) . We selected three concentrations to treat MDA-MB-231 (0, 0.2, and 0.4 mg/ml) and MDA-MB-468 (0, 0.4, and 0.6 mg/ml) cells. The colony formation assay showed that the number of treatment group colonies was significantly lower than that of the control group (DMSO) ( Figure 2C ). The results of the CCK-8 assay demonstrated a similar trend. EECR inhibited the proliferation of TNBC cells in a dose-dependent manner.
EECR induces apoptosis and G 0 /G 1 arrest in human TNBC cells
The effect of EECR on the cell cycle and apoptosis was shown in Figure 3 . The EECR exposed group exhibits a higher apoptosis rate than the control group both in MDA-MB-231 (0, 0.2, and 0.4 mg/ml) and MDA-MB-468 (0, 0.4, and 0.6 mg/ml) cells ( Figure 3A-a,B-a) . As shown in Figure 3A -b,B-b, both TNBC cell lines showed an increased proportion of cells in the G 0 /G 1 phase after EECR treatment compared with the control group. These results indicated that EECR induced apoptosis in MDA-MB-231 and MDA-MB-468 cells and prevents the cell cycle from proceeding to the M phase by halting them at the G 0 /G 1 phase.
Increased autophagy after EECR stimulation
The conversion of LC3B I into LC3B II, as a classic indicator of autophagy detection, was detected using Western blot. Proteins extracted from MDA-MB-231 (0, 0.2, and 0.4 mg/ml) and MDA-MB-468 (0, 0.4, and 0.6 mg/ml) cells were used as samples. Autophagy was up-regulated in the EECR treatment group, which was manifested by the high expression of Beclin-1 and high-ratio of LC3B II/LC3B I (Figure 4 ). 
Autophagy inhibitor enhances the cytotoxicity of EECR
Comparing the group of EECR (0, 0.4, and 0.8 mg/ml) and EECR+3-MA, cell activity of the latter was significantly reduced (P<0.001) ( Figure 5A,B) . In addition, the flow cytometry results showed that the apoptotic rate was significantly increased in the EECR+3-MA group (MDA-MB-231 0.4 mg/ml and MDA-MB-468 0.6 mg/ml respectively), which was consistent with the colony formation ( Figure 6A ). As described in Figure 6B , the results of Western blot were similar to those of flow cytometry. Taken together, the results showed that pro-survival autophagy occurs in cells after addition of EECR, and autophagy inhibitor enhanced the cytotoxicity of EECR.
Discussion
Unable to benefit from endocrine therapy and molecular targeted therapy, patients with TNBC have a poor prognosis. As the new cancer treatments continue to advance, drug resistance of tumor develops along. Traditional Chinese Medicine, which has a long history, has the advantage of sustainability and environmental protection. It is imperative to find active drugs from traditional Chinese medicines as an alternative treatment for patients.
According to the ancient Traditional Chinese Medicine literatures' record, Cyperus rotundus L. is used to treat breast cancer. Various studies have identified that C. rotundus extraction has cytotoxic effects on different cancer cells. It has been reported to have cytotoxic effects on MCF-7 (breast cancer), HeLa (cervical cancer), HepG2 (liver cancer), PC-3 (prostate cancer), HT-29 (colorectal cancer) [31] . It can inhibit xanthine oxidase (XO), prevent DNA damage caused by lipid peroxidation and induce apoptosis of leukemia K562 cells and L1210 cells [32] [33] [34] . 11,12-dihydroxyeudesm-4-en-3-one isolated from the ethyl acetate extract of C. rotundus has significant cytotoxicity on ovarian cancer cell (A2780) [35] . 6-acetoxy cyperene isolated from C. rotundus can induce caspase-dependent apoptosis in ovarian cancer cells [36] .
UPL-QTOF-MS is a high resolution and sensitive technology [37] . Recently, it has been widely applied in complicated component analysis [38] . We use UPLC-Q-TOF-MS to analyze the composition of EECR; a total of 21 compounds were identified by comparing the mass fragmentations of each metabolite with databases. Recent researches show that Indole, Isoalantolactone, and Aromatic-turmerone in EECR have anti-tumor activities [39] [40] [41] . Despite the fact that deep study is needed, these researches still provide support for our research.
For now chemical medication can treat cancer by inhibiting the proliferation and induce apoptosis of cells. Autophagy plays either pro-survival or pro-death roles in the cell's life [42] , which has different directive significance for the treatment of TNBC. In the current study, we explored the possible mechanism of EECR on the TNBC cells in proliferation, apoptosis, and autophagy, respectively.
Cell cycle out-of-balance is an important mechanism leading to the proliferation of cancer cells [43] [44] [45] . The common mechanism of anticancer drugs is that they can induce cell cycle arrest at specific stages and further induce apoptosis [43] . In the research, we found EECR can inhibit proliferation of TNBC cells, and the mechanism of action is relevant with cell cycle arrest in G 0 /G 1 phase in a dose-dependent manner.
Apoptosis was the major reason of cell death induced by antitumor drugs. Bax and Bcl-2 are located on the outer membrane of mitochondria and belong to the pro-apoptotic Bcl-2 family and anti-apoptotic Bcl-2 family separately. An unbalanced Bax/Bcl-2 ratio can effectively promote the release of apoptotic effectors from mitochondria and drive apoptosis [46] . It is an important signal to evaluate cell apoptosis. In our study, we found that EECR induces TNBC cells' apoptosis by flow cytometry in a concentration-dependent manner and the ratio of the Bax/Bcl-2 is increased. It suggested that EECR may induce apoptosis through mitochondrial-associated apoptotic pathway in TNBC cells.
Beclin1 plays a critical role in the autophagy regulation [47] . The ratio of the LC3-II/LC3-I as the common index is usually used to detect the degree of autophagy [48] . Thus, we detected the levels of Beclin1 and LC3 by Western blot after adding the EECR and found autophagy enhanced. Autophagy plays a role of pro-survival or pro-apoptosis in cells. To investigate the role of autophagy in cells, autophagy inhibitor 3-MA was added with or without EECR. We find apoptosis increased in the EECR+3-MA group compared with EECR group. This indicates that the autophagy plays a pro-survival role in TNBC cells, and autophagy inhibitor 3-MA could facilitate the EECR sensitivity by suppressing the pro-survival autophagy. It is consistent with our previous research, autophagy inhibitor facilitates gefitinib sensitivity [49] .
In summary, the chemical composition of the EECR was analyzed by UPL-QTOF-MS. EECR inhibits the proliferation of TNBC cells (MDA-MB-231 and MDA-MB-468), which may be related to the arrest of cell cycle in G 0 /G 1 phase. It induces apoptosis by promoting the expression of BAX and inhibiting the expression of BCL-2. Autophagy inhibitor 3-MA inhibited TNBC cells pro-survival autophagy and increased the sensitivity of EECR. These conclusions provide theoretical support for EECR in the treatment of TNBC. EECR contains abundant chemicals and we will further explore more effective anti-tumor active components, as well as more evidence from animal experiments. 
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